1/20 



m 



LU 
CD 



LU 
\ — 
LU 

rc 
o 



CO 



O 

Q 

I 

< 



o 

2 



LU 

CO 

2 

I 

Q 
LU 
CO 

6 




or 
O 

s 



LL 




CO 

cr 

LU 

CO 



3/20 




4/20 




c2o 
wz 

llicoh 

LUQ.O 







1- 












o 


Q 




Q_ 


<! 




1 Al 






a: 






LU 










o 
< 

CO 
Q 
LU 
LU 
LL 

LU 

g 
o 

LL 



5/20 



< 

a: 
in 

Q 

o 
o 

LU 



o 
< 

CO 

Q 

LU LU 

lu or 

LL- 3 
LU K- 

O o 
a: ^ 
o£ 

UL I""" 

LU 

> 




8 



o 
< 

CO 
Q 

LU LU 



ZD 



LU 
LL 

LU 

oo 
az. 

o£ 

LL 
> 



o 
< 



o 

LU 
Q 
O 
O 

LU 



7: 



CO 

or 

LU 
Q 
O 
O 
Z 
LU 



7. 



z 




Q 

££L 
LU 
Q 
O 
O 

LU 



6/20 



3 
CL 
O 




7/20 . 




8/20 




9/20 




10/20 




1 1/20 




12/20 




13/26 




14/20 




15/20 




Q 
o 

CD 



16/20 



NETWORK POWER SUF 



MONITORS 




FOOTSWITCH 



FIG. 11 



17/20 




18/20 



PHYSICAL 
MODEL 
OF DEVICES 




PHYSICAL 
MODEL 
OF VESSELS 




BLOOD 
FLOW 
CHARACTERISTICS; 




USER(S) 



SELECT VASCULATURE, DEVICE 



I 



SCENARIO/ 
PATIENT 
CASE 
GENERATOR 



INITIATE FEM ENGINE 



CONSTRUCT DEVICE, VESSEL, 
BLOOD FLOW AS A UNIFIED 
FINITE ELEMENT MODEL 



COMPUTE 
CONTACT 
FORCE 



I 




REPRESENT DEVICE MANIPULATION 
AS RIGID BODY MOVEMENT 



SOLVE SOLUTION 
OF EQUATIONS 

FOR 
DEFORMATION 



YES 



RENDERED 
VISUAL AND 
HAPTIC 
DISPLAYS 




NO 



FIG. 13 



19/20 



REALISM 



i 


i 


SCIENTIFIC 
ANALYSIS 














PRETREATMENT 
PLANNING 




TRAINING 











REAL TIME INTERACTION RESPONSE TIME 

(12-15 FRAMES PER SECOND) 

FIG. 14 



PATIENT VASCULAR DATA 



ANATOMY 



SHAPE, 

MORPHOLOGY, 

SURFACE, 

VOLUME 



CATHETER, 
GUIDEWIRE 
COIL, STENT, 
BALLOON 



NTERVENTIONAL 
DEVICES 



5 



BLOOD FLOW, 
BRAIN, 
PATHOLOGY, 
LIVER, KIDNEY 



z 



PHYSIOLOGY 



DEFORMATION, 

TEMPERATURE, 

FORCES, 

LIQUID/SOLID, 

KINEMATICS 



PHYSICS 

FIG. 15 



20/20 




VOLUME 
IMAGES 



GEOMETRIC 
MODELING 



CONSTRUCTION OF 
HIERARCHICAL CENTRAL 
LINE MODEL 



I 



CONSTRUCTION OF 
SURFACE 3D MODEL 









/biomechanical/ 
i experiments i * 


PHYSICAL MODEL 
FINITE ELEMENT METHOD 


ADAPTIVE 
DEFORMATION 
SCHEME 




\ 

\ 


r 






LINEAR 

DEFORMATION 


LINEAR 
FORCES 




NON-LINEAR 
DEFORMATION 


NON-LINEAR 
FORCES 




PHYSICAL MODELING 







FIG. 16 



